Abstract Small-diameter cemented Metasul® cups have been previously identified to be at high risk of early loosening. We asked whether this particular mode of failure was associated with a specific histological feature. Periprosthetic tissues were obtained at the time of revision of two aseptically loose cemented Metasul® cups. Each tissue sample was processed for routine histological analysis. A slight metallosis was visible microscopically in all tissue samples. Metallic wear-debris particles were present both extracellularly and within the cytoplasm of macrophages. We noted a perivascular infiltration of lymphocytes accompanied by mature plasma cells. Our observations are compatible with the hypersensitivity-like reaction previously reported, described as an aseptic lymphocytedominated vasculitis-associated lesion (ALVAL). Although wear was within normal reported range limits, this tissue reaction appeared as a consequence of continuous release of metallic ions from the prosthetic articulation. We hypothesise that ALVAL was involved in acetabular component failure, although acetabular loosening may have been initiated by high mechanical stress.
Introduction
Second-generation metal-on-metal (MOM) total hip replacements were introduced in the early 1990s, theoretically to reduce the rates of osteolysis and aseptic loosening associated with polyethylene (PE) wear debris [25] . Clinical studies have shown that a 98.6-99% survival rate could be expected ten years after a contemporary MOM hip replacement with a near absence of osteolysis [4, 5] . Also, a low amount of wear on retrieved implants and in vivo has been reported [20, 21, 23] , confirming preliminary hip simulator tests [24] and former clinical data [15, 22] . However, early aseptic failure associated with immunologically determined tissue reactions characterised by intense diffuse and perivascularly lymphocytic infiltration suggests that metal hypersensitivity was involved in the pathogenesis of aseptic loosening [10, 17, 26] . We have reported our observation of early progressive periacetabular radiolucencies in cemented Metasul® acetabular components [19] . In that study, we showed that cemented Metasul® cups with an average diameter of 46 mm were exposed to a higher risk of aseptic loosening compared with acetabular components with a larger diameter. The mechanism for this phenomenon was not fully identified. In accordance with other studies [12] , these results led to the abandonment of cemented Metasul® acetabular components in primary total hip replacement in France. We asked whether this particular mode of failure was associated with a specific histological feature. Here we report histological analysis of neocapsule and periprosthetic tissues retrieved from two aseptic failures of cemented Metasul® acetabular components.
Materials and methods
Neocapsules and periprosthetic tissue samples were obtained at the time of revision of two loose Metasul® acetabular components in two healthy female patients. The original devices included a 28-mm-diameter Metasul® head articulated with a cemented Metasul® acetabular component, and a cemented femoral stem. Epidemiological and surgical data are summarised in the Table 1 . Primary implantations were performed for advanced osteoarthritis in both cases. Both patients remained symptom free for more than five years after the initial hip replacement. Respective hip function progressively decreased thereafter, associated with an increasing deep pain in the groin. Serial blood analysis of erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and full blood count and differential were within normal limits. In patient 1, plain radiographs revealed complete periacetabular radiolucency located at the bone-cement interface (Fig. 1) . In patient 2, plain radiographs also showed acetabular component protrusion and periacetabular osteolysis. Based on these investigations, revision procedures of the loose acetabular components were planned. Both hips were revised using a posterior approach. At the time of revision, soft tissues did not appear necrotic or significantly inflamed. Macroscopically, no metallosis or macroscopic inflammatory granuloma was noted in the articulation. In both cases, the acetabular component was loose at the cement-bone interface and easily removed. Some minor scuffing of the taper was noted. In patient 1, it was decided to retain the well-fixed femoral component. A Durasul® acetabular component was cemented in place and articulated with a corresponding 28-mm-diameter CroCo head (Zimmer, Warsaw, IN, USA). In patient 2, periacetabular bone loss necessitated reconstruction with a Kerboull acetabular reinforcement device (Stryker, Hérouville Saint Clair, France) and a bulk allograft. A 52-mm-diameter conventional PE cup with an inner diameter of 22.2 mm was cemented (Stryker). The femoral implant was also revised, and a Kerboull® MKIII stem (Stryker) component was cemented into the femur.
Postoperatively, both patients recovered uneventfully. There was no bacterial growth from the synovial fluid or tissue samples retrieved at the time of revision. One year after revision, both hip scores were rated very good or excellent according to Postel-Merle d'Aubigné [16] . In patient 1, the unrevised cemented Metasul® hip exhibited a complete periacetabular radiolucency at a 66-month follow-up. However, the patient did not wish to have a revision procedure on her left hip.
Histological analysis
Tissue samples retrieved from the neocapsule and bonecement interface were obtained at revision and fixed in neutral buffered formalin. Then, they were embedded in paraffin, sectioned into 5-μm-thick serial sections and stained with haematoxylin and eosin (H&E) and Prussian blue. All histological analyses were performed using a light and polarising microscope (Eclipse TE 2000-U, Nikon, Amstelveen, The Netherlands) coupled to a high-resolution colour digital camera (DXM1200F, Nikon), at final magnifications of 20×, 40× and 100×. Metallosis was graded according to the modified Mirra classification [3] . The amounts of metal particles in the tissue and diffuse and perivascular lymphocytes were graded according to the method described by Willert et al. [27, 28] . Lymphocytic infiltration was assessed by counting the individual cells of a diffuse infiltration (magnification 40×) and the number of perivascular agglomerations (magnification 4×) per field of view according to the method previously described [27] .
Analysis of wear and bearing surfaces
Wear measurement was carried out on a coordinatemeasuring machine (CMM5, SIP, Geneva, Switzerland) with a spatial resolution of <1 μm [20] for explants originated from patient 2. The precision of the wear measurements was estimated to be ±2 μm. The articulating surface of the Metasul® head was inspected under the microscope at 200× magnification with differential interference contrast (DIC).
Results

Histological findings
There was slight evidence of metallosis in the neocapsule and the periprosthetic tissues. Microscopic metallic debris <1-μm diameter was identified in all tissues samples. Metallosis was graded 1+ according to the modified Mirra classification [3] . The metal particles mostly appeared as debris in the cytoplasm of histiocytes and macrophages and sometimes as extracellular metal deposits (Fig. 2) . The foreign-body reaction to metal-wear particles was rated as "many" in both hips. These findings corresponded to a relatively mild foreign-body reaction. Tissue examination also showed small drop-shaped inclusions within the cytoplasm of the macrophages. Most of them were negative for iron, at least in their centres, after Prussian blue staining. Their size appeared two-to tenfold greater than the microscopic metallic debris. Polyethylene particles were few and always appeared in the cytoplasm of foreign-body giant cells (Fig. 3) . Necrosis and ulcerations, characterised by loss of the pseudosynovial lining and fibrin deposition, commonly covered the surface of the neocapsules. All retrieved neocapsule tissues showed a more or less distinct degree of lymphocytic infiltration, sometimes associated with plasma cells. Lymphocytes were either diffusely distributed in the inner capsule layer or concentrated around postcapillary venules in the intermediate vascular layer (Fig. 4) . According to Willert [26, 27] , perivascular lymphocytic infiltrates were rated as "many" in all analysed tissues. Histological features reported were compatible with the hypersensitivity-like reaction previously described [27] .
Analysis of wear and bearing surfaces
The articulating surface of the Metasul® inlay exhibited numerous fine scratches. Almost the entire surface of the Metasul® head revealed scratches. In the loaded area, the carbides that protruded slightly in the original surface state were levelled (Fig. 5 ). There were only two small unloaded areas where the carbides were still visible. The total linear wear value was 15 μm for the head, which gave a yearly wear rate of 1.9 μm. The deviations found for the cup were so small that no clear wear zone could be identified. Therefore, it was not possible to determine a specific wear value for the articulation surface of the inlay.
Discussion
One of the authors previously reported that small-diameter cemented Metasul® acetabular components were exposed to an increased risk of early loosening after observing unusual progressive periacetabular radiolucencies [19] . At the time of the initial review, no cup was found to be loose, and no hip had been revised for aseptic loosening of either component at a mean follow up of 31 months. We, and other authors [12] , hypothesised that mechanical stress at the bone-cement interface was increased in small-diameter acetabular components. This feature appeared as a consequence of a thinner PE layer around the metallic surface. To the best of our knowledge, this study is the first to report a retrieval analysis of cemented Metasul® acetabular components after aseptic failure. The findings we report in this work are characterised by the presence of metallic wear debris, a few PE particles phagocytosed by foreign-body giant cells and diffuse and perivascular lymphocytic infiltrates and plasma cells. Also, the wear rates measured should be considered low (1.9 μm/year), since retrievals explanted after two or more years in vivo reportedly had an average wear rate of 6.2 μm/year [22] . In agreement with data reported by other authors [1, 3, 8, 10, 13, 27] , these results support the idea that metallic particulate debris released from the bearing couple initiated a specific immunological reaction similar to type IV delayed hypersensitivity. It is speculated that metallic particles in the inframicrometric range were phagocytised by histiocytes and macrophages, initiating sensitisation. Willert and Semlitsch [26] described infiltrates of lymphocytes and plasma cells in tissues retrieved from hips with contemporary MOM prostheses that had failed at an average of 30 months after implantation. In contrast, infiltrates of such cells have not been described in tissues retrieved from failed metal-on-polyethylene or ceramic-on-ceramic total hip arthroplasties. A relationship has been established between debris release from the all-metal cobalt-chromium articulation and the diagnosis of hypersensitivity reaction, described as an aseptic lymphocytedominated vasculitis-associated lesion (ALVAL). Such changes have been observed in both total hip replacements and hip surface replacements using metallic bearing surfaces Numerous drop-shaped particles and microscopic debris are seen in the neocapsule, most of which were negative for iron, at least in their centres; some particles stained positive for iron [13] . In addition, it has been suggested that histological changes of surface ulceration and lymphocytic perivascular cuffs were more commonly seen in aseptic loosening after contemporary MOM replacement [1] .
However, it is still unclear whether this reaction was responsible for acetabular component failure. The observations by Willert et al. [27] , and Korovessis et al. [10] support the hypothesis that hypersensitivity to the cobalt-chromium metal of the articulation is involved in the pathogenesis of periprosthetic osteolysis and subsequent aseptic loosening. However, ALVAL has also been described in periprosthetic tissues surrounding well-fixed implants with a contemporary MOM-bearing couple [17] . Conversely, high rates of periacetabular osteolysis have been reported in a recent series of MOM hip replacements, with no argument in favour of tissue reaction to metallic debris [7] . In contrast to with previous studies [10, 27] , other authors failed to correlate the presence of lymphocyte aggregates and the appearance of osteolysis [17] . Thus, it has been suggested that distinct lymphocytic infiltration should be considered as a characteristic histological pattern of tissue reactions on metal particles and/or ions around MOM bearings, not necessarily associated with implant failure [28] . Last, it should be noted that no massive foreign-body reaction was observed in the explants in our analysis. Therefore, we cannot definitively conclude that ALVAL, although present, generated aseptic loosening of the cemented cups in these cases.
High mechanical stress has been regarded as a potential cause of cemented acetabular component failure in hip replacements using a hard-on-hard bearing [6, 18] . In our study, only the acetabular side of the replacement was loose, and no osteolysis surrounded the femoral component, indicating a local problem rather than a problem affecting the entire hip replacement. Not all authors noted a high rate of progressive radiolucencies around cemented acetabular components containing a metallic-bearing surface. Eswaramoorthy et al. [4] employed a cemented Stuehmer-Weber cup with a Metasul® bearing in half of 104 primary MOM total hip replacements. These authors did not report alarming periacetabular changes. However, the cups' mean diameter used in that study was somewhat larger than in our previous work, and thus, mechanical forces about the cemented cups may have been different when compared with our study. In line with our observations, early failure of small-diameter uncemented Metasul® cups have also been reported, with acetabular component diameter <49 mm identified at high risk of loosening [14] .
We do acknowledge that this study has some limitations. First, we did not perform hypersensitivity tests (e.g. the patch test) or serum metallic ion (cobalt-chromium) levels. However, the significance of these tests is still debated in the literature [2, 9, 11] . Then, we did not compare our histological findings with tissues retrieved from well-fixed implants containing an MOM articulation. However, our findings are consistent with previous observations [27] and support the idea that a type IV hypersensitivity consistently occurred in these cases. We found that a hypersensitivity-like reaction, described as ALVAL, was associated with aseptic loosening of cemented Metasul® acetabular components as a result of continuous release of metal ions from the MOM articulation. Taken in combination with our previous clinical data, we hypothesise that histological findings in these two cases were involved in acetabular component failure, although mechanical stress may have initiated loosening.
